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Recdvec signal 8tr8Dg& kbdic^^ 



The inv^om relates to a xecelva: sigaal strength indicatioa oin^uit, and to an 
integiated tuna oonqnising snob a oiroqit 

The US standanl DOCSYS 1. 1 fi>r cable modems presoiibes that a xeoeivet 
signal atccsngth indioatioii is sent fixun the cable modem to tiie head-^d. 

It is, inter alia, an object of the invention to pi-ovide an aocvjiate and maph 
receiver signal steength iDdioation. To this end, the invention provides a receive signal 
stceogth indication as defined in tibe independent claims. Advantageons ©tnbodiments are 
defined in the dependent claims. In an advantageoiw embodiment, the receiver signal strength 
indication is determined in the tuner IC, so that there is no need £6r separate circoitiy. 

These and other aspects of the invwstion will be parent firom and f^liTTidated 
-withtefecenoe to Ha embodimeOLts desocibed ii«rffr»ftfT, 

In the drawings* the sole figure shows an embodiment of a tones IC 
oon^id^ areodver signal strength indicator in accordance with the presesnt invention. 

The figure shows a sin^Iified blocfc diagram fbr the signal path of a tuner IC, 
which fiir reccaver signal strength indication (RSSl) purpose has been extended with three 
Uodks conlahiing respectively 'nairow* baud selectivity (NF), logaiithmic level detection 
(log^ and linear 5 bits AD-ocmver^on. 

The gain of Jibnr amplifiers Al, A2, A3» A4 can be controlled in steps only, 
VftUt last att^lifier AS is ooatiauously controlled. The last amplifier A5 hag a 30 dB gain 
oontiol range and its peak-tO'peak ou^ut level is kept constant fQt optimum ADC 
perfonnance in the channel decoder afkenfihe toner. Based on this, ths iixpm. signal level of flie 
last amplifier A5 has a maximum iiqmt level variation of 30 dB, which in praotico will 
certainly be smaller. It can bo dwived that, although wanted plus wanted signal i$ present at 
the hiput, the difference between maximum and minfattwn wanted signal level is less than 30 
dB. 
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In the droiiit added for RSSI. liie nairowfllter NF InpanOld to ihe ii^ of 
toaxnpliJ5«.A5passo.oiaypartofthevmit«daignal8peo^ 
vrM. pow fh>m the adjacent clmnels wiU s^mcaeimy be 

Ito wted signal is e<i«ally distributed over tiie bandwidth. ^ partial spectrum still relates 
5 10 the power of to Wted signal. Tte wanted signal power at filt«: inpnt wifl vary n«t »o» 
fl«n30dB.8oihesan>Bholdsfortheoi«piitofthelogari1hnnode^ 
i^nt of the Unear 5 bh ADC Since 5 bits corresponds witii 32 levels, fte 30 dB «W can be 
read^irtinst«9ps< 1 dB, and is made available via an I2C bus. 

10 RSSI calibration and tead-out 

In case an KF signal with known signal level is applied at the antenna hjput of 
amodem, ihe dlgitaUy oonttoUed amplifiers A1-A4 will each be set to one of the possible 
disoxete gahi values, but fliflse values may be not very accurate. Despite the snjaller 
IS bandwidth of the logarithmic level detector log. a signal level wUl be measured with I dB 
lesolutilon after these 'inaccurate' amplifier stages A1-A4, which is ptoportiwial to the 
wanted RF input signal level. Finally the RF as well as the detector signal level tofiamatian 
together withthe chosen amplifier settings can di^tally be stored and serve as ruflsrenoe at 
crther RF input levels. This measuremfint thus serves as absolute gain calibration poh* fcr 

20 RSSI measurement. 

With the same amplifier settings each 1 dB change of the RF levd corresponds 
with IdB change at to detector output. So firom the level measured at fte detector owW 
now in reverse directionlbsRF level can be determhied now at the hmer/modem input 

The different gahx setthigs per amphJeer stage A1-A4. are aocordfaig to the 
25 design 3 dB or 4 dB apart Due to e.g. process spreads, these steps can be taaccuraJe as welL 
to that case further calibration is required for these steps by ohanghig Ihe gate setting Sot each 
amplifier stage todependerfly, without change of RF input level. The logadlimdo detectcff 
output measures now alevel change in accordance wilhthe actual gahi step. This actual 
fafbrmationcanbe stored for each gain stage todependently.resulthig ma completely 

30 calibrated input Isvel range for RBSL 

Due to ftequenoy dependency of mainly the RF mput filters, 1h© calibration 
procedure needs to be repeated at diffei-ent RF fiequenoies. This number of firequendes is 
expected to be at least equal to the number of RF filters. The filter shapes can possibly bo 
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oooc^ensated for in the calibration software. Ftam Bimolatiou aod process spreads finally 
follows the xeal mouber of fteqaenoy positioiui to be calibrated. 

Since temperature cSecte on gain, can very well be con^msated in fbe 
logarithmic detector pam, we tmmit ^attiie absolute accuiraoy of the amplifieis ia pooi, but 
llie stability over time and teaopetatiire is good. 

Thus the RF i»put level can in ftitwe accurately be determinsd ftom the stored 
level iaformatiion in combination with the eaiiier used gain settings of the digitally controlled 
amplifiers. Hie location of flie memory can be outside the tunra: IC m the modem, but tius 
possibility of flash memory in future on board of the tuner IC can be considered as well. 



The modem alignmeait i»;ocedure can be briefly described as follows: 
apply single RF input signed at the dififerent center ftequsnoies of Ibe toner IC's RF filters; 
choose proper input level as well as gain aettfaigs fiar the amplifiers AI-A4 inside tiia tuner 
IC; and 

15 store tb©oorreq>ondingwaJ3tedsigaal related 5 or 6 bit ADC ouijnjt values. 

The invention thus provides an integrated RSSI detector in a tuner IC. Based 
on a tuner concept for digital signal reception with a limited number of programmable gahv 
settings AI-A4, a recover (RF) signal sttength indicator («RSSI) solution has boon defined, 

20 yrtixh can fiiUy be falegrated in an RF timer IC. Basto elements inlhis invention are the 
bandflJtar NF, which passes only a part of the wanted signal spectrum at low-IF as betog 
proportional with, the total wanted signal spectrum, the logarithmlo detector log fbr 
converting the wanted signal level to a dB-linear signal, and the caUbration method based on 
ft© design. The invention can be used in receivers for digital reception, such as in cable 

25 modems. Relative gain (and level) changes can be adjusted afterwards or in feotory. RF filter 
infiuenoe can be made software compensated. The solution relies on software and is 
independaat of the decoder type. The discretely controlled amplifiers A1-A4 provide 
program / read-out gain settings, the RSSI circuit provides a relative level read-out accuracy 
of less<han 1 4B, and fl» combination provides a predefined settmg during a single signal 

30 modem oaHhrafion, The q^pUcatUm needs not to be Hmited to a modem for digital data, as 
also a set-top box or TV receiver for digital TV can use this principle, although RSSI is not 
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The embodtoettt of iha tu»«IC embodiinent shotrainflie figmehas aflrat 
selectivity filter between the amplifiers A2 and A3, a mixer M betweeaito aaipU&WS A3 and 
A4. and a second selectivity filter SF2 between the ampUfiers A4 and AS. Advantageously, 
I3»'input of flie BSSI dicuit is coupled to ihe output of the second aeleotiviiy filter SF2, so 

5 that its weasuremetit is not disturbed by i«elevaat ftetjuencies. Advantageously, th« input of 
flie RSSI filter ia coupled to Ihe ouiput of the ndxer M (preifeably bwt not necessarily thru tho 
second selectivity filter SF2), so that the RSSI circuit input is at a idathrely low ftequsicy. 
The mixer M converting from RF to low-IF is quite adva^rtageous to enabte nairow filtering 
inside lie channel bandwidlh. llie narrow fflterNF preferably sekds 1-21^ 

10 MHz bandwidth channeL Tlie power inside the narrow spectrum of the waited ^goal should 
telate to fhe wanted signal power; this condition is Milled with e.g. OPDM andQAM 
signals. Advantageously, only discretely controUed ampMers A1-A4 aio present Intiie path 
between in the tuner IC loput and the RSSI ciiouit input, so lhat there is a dear relation 
between control voltage and amplification that does not change with ^ and/or hi 

15 dependence on the tanperatwe, so fi«rt an accurate calibration is possib 

It should be noted that the above-mfinfloned embodimeiits illusteit© zhQict than 
limit the invention, and that fliose sldUed in ih© art will be able to desiign many alternative 
embodiments widxout departfag &om the scope of the emended elaima. Clearly, there is no 

20 need for four discretely controlled ampllfietB A1.A4 at the todioatedposliionB in the figure, 
because baslcaUy one such discretely controlled amplifier between the toput of the tuner IC 
and the taput of the RSSI circuit would suffice. In the olahna, any refeaceoce signs placed 
between parentheses shall not be oonsttued as Mmittag the daha. The word "ooBOixiWag" 
does not exclude ttie presence of elements or steps other than ^se listed In a claim. Tljs 

25 word "a" or "an" preceding an elementdoes not eacotadethe presence of a plurality of audi 
elements. The invention can be Implemfinled by means of hardware conqolsing several 
distinct elements, and by means of a suitably programmed oouqniter, la. fte device olahn 
enumerating several means, several of these means oanbe embodied by one and Ihe same 
item of hardware. The mere fiwAthat certain measures are ledtediainuto^ difeaarent 

30 dependent daims doesnotfaidicatethatacombmHtion afthesemeasujes cannot be used to 
advantage. 



PHNL020540EPS V a. , "^^"^ ^--^^ 

^ Oil 07.06.2002 10:3^ 

5 07.06.2002 

CLAIMS: 



1» Am^ersigndslxexiglhiiid^^ 

m&sm (A1-A4) for disoratdly oostFolled axnpllfying an input signal; 

means log, ADQ coupled to an output of tiie an^Iij^g means CA1-A4) 
fwfbniidiingaseodver sdignal i^tz^giih indicatioxi. 

5 

2. A receivecr signal afrengih indication cirouit as claimed in claim 1 , whevein ilie 
xecfiiver signal stcengdu indication fbxnishli^ mesma C^^, log, ADC) include a narrow filter 
(Nf) fbr measuxing a power of the input signal wifb icduced influence firom nei^oring 
ohamiels, 

10 

3. An integrated toner con^nising a xecdver signal stzengfh indication oirouit ,aa 
claimed in daim 1, wlierein tibie amplifying means (A1^A4. SFU SF2» M) indude seleetivily 
Sltenng means (SFl, SF2). 

IS 4, An lx)tcgmlx»l tuner conysdslng a receiver si 

claimed in claim U whetdn liie amplifying means (A1-A4, SFl, SE2, M) include a mixer 
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A leodwf signd sttengfli indioation dwuit comprises obroMitry (A1-A4) &r 
disot^ comtoUed aa9)li6dixg aa input signal, and dtonitry (JW, log. ADQ coupled to an 
output of fte anq>li^ diouitty (A1-A4) fei fcmishiog awceiver aignal Bteength— 
indioation. 



(so^figtue) 
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